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Abstract: Mangroves are woody plants that grow at the interface between land and sea in tropical and 
subtropical latitudes where they exist in conditions of high salinity, extreme tides, strong winds, high 
temperature, and muddy anaerobic soils. The objectives of this study were to determine the selected heavy 
metals Copper (Cu), Zinc (Zn) and Lead (Pb) contamination in mangrove sediments at the Selangor River, 
Kampung Kuantan, Kuala Selangor, Selangor, Malaysia; and to compare heavy metals content in mangrove 
sediments between different plots and different sediment depths. Physical properties (sediment texture and 
sediment moisture) and chemical properties (pH water, electrical conductivity, and selected heavy metals) 
of sediments were determined by different plots and depths. The element of Pb was analyzed using the 
Inductively Coupled Plasma (ICP), whereas Cu and Zn using the Atomic Absorption Spectrometer (AAS). Data 
obtained were analyzed using the Statistical Analysis System (SAS) version 9.4 software. The results showed 
that the sediment texture was in the class of sandy clay, and soil moisture in all plots and at all depths were 
high. The contamination of sediment is affected by many factors, including soil pH and soil electrical 
conductivity. Cu, Zn and PB in sediment were determined around 1.00-10.60 mg/kg, 215.40-259.00 
mg/kg and 18.83-28.59 mg/kg respectively, and were found to experience a significant difference 
between the plots, but not a significant difference between depths. The sediment in all plots and at 
all depths was contaminated with these heavy metals because of it being surrounded by residential and 
industrial areas, combined with particular recreational activities, agriculture and fishing along the Selangor 
River. 
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1. Introduction  
Mangrove forests are distributed in the intertidal region between the sea and the land in 
tropical and subtropical regions of the world. The forests are typically distributed from the sea level 
to the highest spring tide (Alongi, 2009). They grow in harsh environmental conditions e.g., those 
with high salinity, high temperature, extreme tides, high sedimentation, and muddy anaerobic soils. 
Mangrove forests around the globe are less than half of what they once were (Spiers, 1999). 
Mangroves are more widespread on the west coast of Peninsular Malaysia than the east coast. This 
may be due to the different wave patterns of water bodies bordering the east and west coasts of 
the peninsula. The west coast is bordered by the Straits of Malacca that has a limited wind fetch and 
is thus relatively calmer while the eastern side of Peninsular Malaysia is bordered by the South China 
Sea that has larger and more dramatic wave energy (Lokman & Yaakob, 1995). 
Sediments are defined as the organic and inorganic materials found at the bottom of the water 
body. Sediment lacks the sand, clay, silt and other soil particles. It consists of the amassing of residue 
e.g., from rock, sand in streams, lakes or other marine environments (Ellison, 1999). Sediments can 
be contaminated in several ways including containing heavy metals. 
The essential heavy metals e.g., Zn and Cu plays an important role in the biochemical and 
physiological process of both plants and sediments, although it could be toxic for mangrove habitats 
at high concentrations. Non-essential heavy metals like Pb have no role in biological processes and 
could be harmful to biological activities (Mirnategh et al., 2018). Sediments have been widely used 
as environmental indicators and the ability to trace contamination sources and monitor 
contaminants in sediments are largely recognized. They play important roles in the assessment of 
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metal contamination in natural water (Islam, 2010). 
 
The heavy metals pollution in sediment happens because of the excesses of heavy metals. The 
contamination is increasing because of the solid and liquid wastes emanating from industrial 
activities where toxic chemical contents such as chromium salts, sulphides as well as other 
substances, including heavy toxic trace metals (Rahimah, 2012). The release of contamination into 
the river by human activities result in a negative effect to the Berembang (Sonneratia caseolaris) 
tree and Fireflies (Pteroptyx tener). In fact, there is a huge area of oil palm plantation around the 
mangrove area and thus highlights the potential human interface with these traces of heavy metals. 
Overall, such conditions could become a very serious problem in mangrove environments.  
Various contaminants arising from lithogenic and anthropogenic sources influence estuarine 
and coastal areas (Fomina & Gadd, 2014; Cavallo et al., 2016). Population growth and social-
economic activities including industry, agriculture and aquaculture exacerbate pressures on the 
environment by producing large quantities of wastewater that contain metals, radionuclides, 
metalloids, as well as organic pollutants and nutrients. Thus, this study was conducted to determine 
the concentration of the selected heavy metals contamination in mangrove sediment at Selangor 
River, Kampung Kuantan, Kuala Selangor and to compare heavy metals content in mangrove 
sediment among different plots and different depths.  
2. Materials and methods  
2.1 Study area 
The study was conducted within the Selangor River, Kampung Kuantan, Kuala Selangor, 
Selangor, Malaysia, which is shown in Figure 1. Kampung Kuantan is located in Kuala Selangor district 
and located around 7 km from Kuala Selangor town. It runs from Kuala Kubu Bharu in the east and 
empties into the Straits of Malacca at Kuala Selangor in the west. The latitude of Kampung Kuantan 
is (3°21'46.57"N), with a longitude of (101°18'4.80"E), and is located at an elevation of 8 m above 
sea level.  
 
 
 
 
 
 
 
 
 
 
Figure 1. Location of the study area at Selangor river at Kampong Kuantan Selangor, Malaysia. 
Source: Google earth Software 2019. 
2.2 Sampling work and design 
A systematic sampling design was established in the study area. A total of five plots (10 m x 10 
m) were established along the S. caseolaris tree zonation. The distance among the plots was 50 m 
and each plot has five subplots. The sediment sample was collected at two different depths namely 
D1 (0-15)cm and D2 (15-30 cm). A total of 50 sediment samples were taken in this study using peat 
auger along the Selangor River in October 2018 during the wet season. The GPSMAP® 60CSx 
(Garmin, Kansas USA) was used to record the coordinates of plots and sampling points. The 
sediment samples were kept into a labelled plastic bag to prevent contamination during 
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transportation to soil laboratory. For sediment preparation, the sediment samples were air-dried in 
room temperature and ground using pastel and mortar. All ground samples were sieved pass to 2 
mm sieve and kept into a labelled zip bag. 
2.3 Sediment and statistical analysis 
Sediment physical properties, soil texture, was determined using the hydrometer method 
(Bouyoucos, 1962) and the result was referred to the soil texture triangle. Electrical conductivity 
(EC) applied the electrode EC meter. Sediment chemical properties, pH in water was determined 
using the electrode pH meter (Eutech Instruments pH 700, Massachusetts USA) using the method 
of Tan (2005) and heavy metal was extracted using aqua regia method and analyzed using ICP and 
AAS. 
The obtained data were analyzed using the Statistical Analysis System (SAS) version 9.4 
software (North Caroline USA). The analysis of variance (ANOVA) followed by Tukey’s Studentized 
range test (HSD) at P≤0.05 was used to evaluate significant differences of heavy metals content 
between plots and sediment depths 
3. Results and Discussions 
3.1 Selected sediment properties in Selangor river 
Table 1 and table 2 showed the result for the selected sediment physical and chemical 
properties by plots and depths (P1, P2, P3, P4, and P5) in the Selangor River. This study revealed 
that the soil texture was sandy clay. The soil fractions (sand, silt, and clay) showed that the 
percentages of sand, silt, and clay were ca. 51-63%, 2-9%, and 29-47%, respectively.  
 
Table 1. The Selected Sediment Physical and Chemical Properties by Plots (P1, P2, P3, P4, and P5) 
Plot 
Soil Fraction Soil Class Sediment Chemical Properties 
Sand 
% 
Silt 
(%) 
Clay 
(%) 
Texture Class EC 
Sediment 
Moisture 
pH  
Water 
Cu 
 (mg/kg) 
Zn  
(mg/kg) 
Pb  
(mg/kg) 
P1 51.31 4.61 44.08 Sandy Clay 300.64 a 3.81 ab 5.07 b 9.80a 236.40ab 28.59a 
     (±4.40) (±0.12) (±0.07) (±0.63) (±5.63) (±0.79) 
P2 51.46 2.47 46.08 Sandy Clay 295.33ab 4.25 a 5.08 b 10.60a 247.60a 27.15a 
     (±4.72) (±0.69) (±0.06) (±0.95) (±8.21) (±1.25) 
P3 55.38 3.54 41.08 Sandy Clay 286.90ab 3.33 ab 5.55 a 7.80ab 259.00a 26.81a 
     (±5.27) (±0.11) (±0.07) (±0.92) (±4.25) (±0.91) 
P4 56.60 2.40 41.00 Sandy Clay 276.69 b 3.52 ab 5.54 a 5.24b 242.80a 25.36a 
     (±2.90) (±0.17) (±0.04) (±1.02) (±8.50) (±0.99) 
P5 62.35 8.61 29.04 Sandy Clay 
Loam 
302.06 a 
(±8.19) 
2.50 b 
(±0.19) 
5.57 a 
(±0.04) 
1.00c 
(±0.45) 
215.40b 
(±5.79) 
18.83b 
(±1.12) 
Note: Different alphabets within a column indicate significant difference between mean of soil physical and chemical 
properties by plots using Tukey test at p<0.05. 
 
Table 2. Physical Properties and Chemical Properties by Depth (D1=0-15 cm, D2=15-30 cm) 
Depth 
Soil Fraction Soil Class Sediment Chemical Properties 
Sand Silt Clay Texture Class EC 
Sediment 
Moisture 
pH Water 
Cu  
(mg/kg) 
Zn (mg/kg) 
Pb  
(mg/kg) 
D1 56.74 3.36 39.9
0 
Sandy 
Clay 
293.71 a 
(±3.89) 
3.25 a 
(±0.13) 
5.36 a 
(±0.06) 
6.80a 
(±0.86) 
237.76a 
(±5.73) 
25.26a 
(±0.92) 
D2 54.10 5.29 40.6
1 
Sandy 
Clay 
290.94 a 
(±3.73) 
3.71 a 
(±0.31) 
5.36 a 
(±0.06) 
6.98a 
(±0.91) 
242.72a 
(±4.18) 
25.43a 
(±0.95) 
Note: Different alphabets within a column indicate significant difference between mean of soil physical and chemical 
properties by depths using Tukey test at p<0.05. 
 
The range of soil moisture was 2-5% with significant differences found among the plots. The pH 
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of sediment was 5-6 in water. There was significant difference among the plots. As for electrical 
conductivity, the range was obtained at 270-303 dS/m and there was a significant difference shown 
among the plots. The amount of Cu in the sediment was obtained at a low ratio. It was determined 
at around 1.00-10.60 mg/kg and the significant difference was found between the plots. For Zn, it 
was found around 215.40-259.00 mg/kg with significant different recorded. Pb was found around 
18.83-28.59 mg/kg with significant difference recorded. 
3.2 The selected sediment properties by plots 
Figure 2 revealed the comparison of the selected sediment properties by different plots. It can 
be seen that sand was highest at P5, 62.36% followed by P4, P3 P2 and P1 (55.60%, 55.38%, 51.46%, 
and 51.31%). The highest silt content was at P5 with 8.61% followed by the P1, P3, P2 and P4 (4.61, 
3.54, 2.47 and 2.40%). The highest mean clay was 46.08% (P2), followed by 44.08, 41.08, 41.00, and 
29.04% for  P1, P3, P4, and P5, respectively.  
 
 
 
 
 
 
 
 
 
 
Figure 2. The comparison of soil texture between plots at Selangor river 
 
  
 
 
 
 
Figure 3. The comparison of soil moisture between plots at Selangor river 
 
 
 
 
 
 
Figure 4. The comparison of soil EC between plots at Selangor River 
The highest mean of the soil moisture was at P2 4.25% and followed by 3.81%, 3.52%, 3.33%, 
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and 2.50% for P1, P4, P3 and P5, respectively.  The mean comparison of soil moisture showed a 
significant difference between P2 as shown in Figure 3. However, for soil electrical conductivity (EC) 
it was determined that the highest level at P5 had a mean value of 302.06a (±8.19) dS/m and showed 
significant difference to P4. The trend followed the P1, P2, P3 and P4 (300.64a (±4.40), 295.33ab 
(±4.719), 286.9ab (±5.28) and 276.69b (±2.90) dS/m). The mean comparison of EC showed a 
significant difference between P1 and P5 with P4 using Tukey’s Test (P≤0.05) as shown in Figure 4.  
 
 
 
 
 
 
 
 
 
Figure 5. The comparison of soil pH in water between plots at Selangor river 
 
 
 
 
 
 
Figure 6. The comparison of Cu between plots at Selangor river 
 
 
  
 
 
 
 
Figure 7. The comparison of Zn between plots at Selangor river 
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Figure 5 showed the comparison of soil pH between plots at the Selangor River. The soil pH in 
Selangor River was the highest at P5 with 5.57a (±0.04) and followed by the pH in P3, 5.55a (±0.07). 
The third highest sediment pH was P4 with 5.54a (±0.04), then followed by P2, 5.08b (±0.06). The 
lowest mean was P1 with 5.07b (±0.07). The significant differences were found between the soil pH 
in P5, P4, and P3 to P2 and P1 by using the Tukey’s Test (P≤0.05). 
The result of selected heavy metals was according to plot (P1, P2, P3, P4, and P5). Cu was 
highest in the P2 with the mean value 10.60a (±0.95) mg/kg followed by P1, P3, P4, and P5 (9.80a 
(±0.63), 7.80ab (±0.92), 5.24b (±1.02), and 1.00c (±0.45) mg/kg). The mean comparison of Cu showed 
P1 and P2 was given a significant difference between P4 and P5. In addition P3 and P4 also give a 
significant difference with P5 by using the Tukey’s Test (P≤0.05). 
Zn was recorded at the highest value at the P3, 259.00a (±4.25) mg/kg and followed by P2 
(247.60a ±8.21 mg/kg), P4 (242.80a±8.50 mg/kg), P1 (236.40ab ±5.63 mg/kg), and P5 (215.40b ±5.79 
mg/kg). The mean comparison of Zn showed P2, P3, and P4 were given a significant difference with 
P5 by using the Tukey’s Test (P≤0.05). Lead was determined highest in plot 1 with mean value 28.59a 
±0.79 mg/kg followed by P2 P3 P4 and P5 (27.15a ±1.25, 26.81a ±0.91, 25.36a ±0.99, 18.83b ±1.12 
mg/kg). The mean comparison of Pb showed significant differences between P1, P2, P3, and P4 
toward P5 as shown in Figure 8 by using the Tukey’s Test (P≤0.05). 
The texture of the soil is in the sandy clay class, as the percentage of sand was the highest 
compared to silt and clay. Sandy clay is the particle which is sand mixed into the soil and can create 
a shape but it can also break easily. According to Tripathi and Misra (2012), soil texture influences 
physical parameters of the soil and plays a very important role in plant species establishment and 
development. There are 3 main types of mineralogical compositions and the predominance of sand 
existence can be categorized in the primary minerals according to Soil Textural Triangle. Allen and 
Pilbeam (2007) stated that the weathering and rainfall rate prevalently affected the classification of 
the mineral size. In these soils, the structure is not a major problem because they are easily 
penetrated by plant roots, and when the rock percentage increases, the pore spaces are further 
increased in case the oxygen flowing with milk and honey water seeps in creating oxidized 
fundamentals in the soil. 
According to Azlan et al., (2012) tree coverage is also a factor that affects soil temperature and 
moisture despite soil texture. Tree coverage can influence the soil temperature as it serves as the 
cooling agent for the atmosphere and acts as a precipitation induced factor which eventually 
affecting the soil water content. Apart from that, Mahmood et al., (2011) proved by investigating 
the relationship between soil moisture, greenness fraction and the different land use type and a 
relationship was determined among the variables. Zotarelli et al., (2010) explain that soil moisture 
indicates the ability of the soil to hold water which is affected by the soil texture. It is also mentioned 
that the sandy texture should have the lowest ability to hold water in the soil, which is contradicted 
to the result obtained. 
Soil EC becomes higher because salts cannot be leached from and gave a bouquet zone and 
cache on the surface. Besides, Soil EC is caught by cropping, irrigation, land evaluate, and review of 
leaf mould, mulch, and compost. Arya (1981) showed infiltration raw material can by the same taken 
interact by the whole of the underlying edge that weathers releasing salts which creates sodium 
chloride solution seeps to what place it exists. Lin and Sternberg (2005) explained mangrove 
maintains water for primary production and growth. It is also evident that the mangrove biomass 
production low adversely affected by salinity fluctuations level of sediment water.  
This result indicated the soil in the P5 was lower acidic compared to the other plots. In general, 
water with a pH below 7 is considered acidic and pH over 7 considered alkaline. According to Gruba 
and Mulder (2015), natural process; decompositions of organic matter, leaching of cation, and 
human actions, for example, liming materials from fertilizing caused soil pH trends. Chen and Lin 
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(2001) explained the high pH because of heavy metal from sediment, the pH directly or indirectly 
affects metal retention by sediment. 
Another study, Chaiyara, Ngoendee, and Kruatrachue (2013) showed that Cu was higher than 
those of the water because the dilution effect can cause precipitation of large amounts of metals 
into the sediments as a result of the increased pH and salinity of the water. In addition, also it comes 
from various sources in residences and industrial wastewaters. Montalvo et al., (2014) reported the 
wastewater discharges and hydrocarbons related to high copper concentrations. Nazir et al., (2015) 
found that the high concentration of Zn can be toxic to the organism and the sources for the 
enrichment of these metals are intensive fishing and industrial activities (Rahimah, 2012). 
 
 
 
 
 
 
 
Figure 8. The comparison of Pb between plots at Selangor River 
 
 
 
 
 
 
 
 
Figure 9. The comparison of soil texture between depths at Selangor River 
3.3 The selected sediment properties by depths 
Table 2 showed the comparison of the selected soil properties by different sediment depths 
layer. The sand was highest in percentage at depth 1, 56.74% followed by depth 2 with 54.10%. The 
silt was higher at depth 2 with 5.290% followed by depth 1, 3.362%. The mean clay percentage was 
higher at depth 2 with 40.61% followed by depth 1, 39.90%. The comparison of soil texture between 
depths was shown in Figure 9. 
Soil moisture was higher in-depth 2 (3.71a±0.31 %) than depth 1 with 3.25a ±0.13 %. There were 
no significant differences found between depth 1 and depth 2 for this parameter. The comparison 
of soil moisture between depths presented in Figure 10. For soil EC, it was determined the higher in 
the depth 1 with the mean value was 293.71a ±3.89 dS/m. The trend followed by depth 2 with the 
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mean value was 290.94a (±3.73) dS/m. There were no significant differences detected between 
depths by using Tukey’s Test (P≤0.05).  
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10. The comparison of sediment properties at Selangor river between the depth 
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Figure 10 showed the comparison of pH water between the sediment depths. The sediment pH 
was acidic at depth 1 with mean value 5.364a ±0.06 and followed by sediment pH in depth 2, 5.36a 
±0.06. pH in different depths was not significantly different. Cu was higher in the depth 2 than depth 
1 (6.98a ±0.91 mg/kg and 6.80a ±0.83 mg/kg) and the statistical test showed Cu in differ depths were 
not significantly differences. Figure 7 showed the comparison of Cu between depths at Selangor 
River For Zn, the higher value was obtained at the depth 2, 242.72a (±4.18) mg/kg and followed by 
depth 1 with mean value 237.76a (±5.73) mg/kg. The significant differences were not shown 
between the depths. Figure 7 showed the comparison of Zn between the sediment depths. Pb was 
higher in depth 2 with mean value 25.43a ±0.95 mg/kg than depth 1, 25.26a ±0.92 mg/kg. The 
significant differences were not shown between the depths (Figure 10).  
The different percentages across the depths might be due to the high rate of erosion or the 
damage of clay in the topsoil of the particle, steeper slope or as the effect of human and livestock 
activities (Siddique et al., 2014). Furthermore, it is also mentioned that this unstable damage will 
slow down the rate of weathering. The trend of this sediment moisture in differs sediment depths 
showed limited difference across depths. Meerveld and Mcdonnell (2006) explain that the 
transpiration rate during the growing season and the vegetation patterns can affect the soil 
moisture in soil depth. This study also suggests that there are no spatial patterns in term of soil 
moisture with depth or across the slope. According to Allen and Pilbeam (2007), water storage 
capacity is low in sandy soil, but most of the stored water is available. 
In general, EC increases as clay content increases. Factors influencing the electrical conductivity 
of soils include the amount and type of soluble salts in solution, porosity, soil texture (Stott and 
Martin, 1989). The sediment pH in Selangor River was the highest at depth 1 and Webb et al., (2014) 
showed that the trend of soil pH across the depth can be affected by the interactions between soil 
series, particle size class and the slope position. The pH values in most of the mangrove site less 
than pH 7 which is acidic. The pH becomes acidic because of the more organic matter. According to 
Satrio et al., (2009) H⁺ ions from organic matter contribute to acidify the soil. 
The human activities such as industrial, recreational, throwing rubbish, agriculture and 
wastewater caused the sediment to have Cu heavy metal. Because of mining, production of goods 
and the use of zinc create situations where emissions to the atmosphere, soil, and water can occur 
(Ismail, 2007). Islam (2010) found that one of the major sources of Zn to the aquatic environment is 
the discharge of domestic wastewater. There is a residential area near Selangor River. Lead is 
present in the fuel, and therefore the concentration of lead may be due to its content in the fuel 
from the shipping activities which is deposited in the sediment (Ismail, 2007). Watching fireflies 
using the boat at night occur at Selangor River. 
4. Conclusions  
The sediment texture was higher with sand and clay. Sediment moisture and pH were recorded 
at the highest value in all plots and depths. The concentration of the selected heavy metals Cu, Zn 
and Pb in mangrove sediment at Selangor River, Kampung Kuantan was recorded moderate. Cu, Zn 
and PB in sediment were determined around 1.00-10.60 mg/kg, 215.40-259.00 mg/kg and 18.83-
28.59 mg/kg respectively, and were found significant difference between the plots, but not 
significance different between depths. There are many factors that influence the mangrove 
sediment, and the increase of development and the opening of plantation areas near the Selangor 
River contribute to sedimentation and degraded water quality levels. Maintaining the mangrove 
forest environment is important for sustaining the ecosystem and balancing it. 
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